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Abstract  —  This paper presents the design of a super slim 
multiband wrapped inverted-F antenna that covers the 
frequency bands allocated for GSM, DCS and PCS wireless 
services. In the first step, the quarter-wavelength size (at 850 
MHz) open-end arm of an inverted-F radiator is folded and 
meandered. Then the antenna is wrapped using a fourth-order 
folding technique to reduce its projection area to only 40 x 10 x 
3mm. Full wave EM simulations show that the antenna excites a 
lower mode resonance at about 850MHz and a higher one at 
about 1900MHz. Its radiation pattern is nearly omni-directional 
with a gain of about 2.5dBi at the lower band and 4.6dBi at the 
upper band. A prototype of the proposed antenna is fabricated 
and tested. A close agreement between simulated and measured 
result is achieved. The measured 6-dB return loss or VSWR 3:1 
bandwidths for the lower and upper resonances are 200MHz 
(770 to 970 MHz) and 280MHz (1710 to 1990 MHz) respectively. 
These bandwidths are sufficient to cover GSM 
850/900/1800/1900MHz, DCS 1800MHz and PCS 1900MHz 
bands. Because of its compact volume the proposed antenna is a 
very attractive candidate for modern slim size portable 
transceivers.  
Index Terms — Compact antenna, DCS, GSM, inverted-F 
antenna, PCS. 
I. INTRODUCTION 
Recent developments of wireless communications demand 
the use of compact transceivers with multiband operation. To 
fulfill this challenging requirement, multiband antennas have 
to be miniaturized to fit into a small available volume of the 
modern transceiver’s module. At present, there are many 
approaches used by antenna designers to reduce the overall 
projection size of a typical antenna to fit a portable wireless 
transceiver. However, most of them are demanded to use a 
single feed structure, as preferred by majority of wireless 
device manufacturers.  The commonly used antenna for these 
purposes is a planar inverted-F antenna (PIFA). To meet the 
multiband operation, its main radiator consists of either an 
increased single arm/branch or multiple arms/branches to 
excite multiple resonant modes. The length of the radiating 
arm has to be at least λ/4 at the lowest resonance frequency to 
meet operation in the lowest frequency band. As a result, this 
is the longest part of PIFA which requires miniaturization to 
fit the available space in a compact wireless transceiver. 
Folding, meandering and wrapping of the arm and the 
remaining parts of PIFA can drastically reduce its projection 
area. However, these miniaturization techniques have to be 
carefully applied as they usually shift resonant frequencies 
and lower radiation efficiency. The shift in resonant 
frequencies is due to the constructive/destructive effects of 
parasitic reactances which are created during the PIFA 
structure modification. Usually the electrical length of the 
current path becomes reduced when a thick radiating arm is 
bent or folded. In turn, reduction in radiation efficiency is due 
to the coupling between adjacent parts of radiating arms 
introduced by the folding, meandering or wrapping process 
especially. When the current paths appear in opposite 
directions a gradual cancelation of resultant EM fields occurs.   
 As a result, the above mentioned miniaturization 
techniques include a tradeoff between the resulting antenna 
size and its performance. To ease this challenge, the design 
including tuning and optimization can be accomplished by 
the use of commercial full EM wave simulators such as CST 
Microwave Studio or HFSS. For a typical portable device, the 
primary radiator may be required not to exceed the volume of 
60 x 13 x 6mm3. However with the recent demand for 
slimmer transceivers, the height (thickness) of a modern 
transceiver may be required in the range of just 3mm.  
One of the most attractive approaches to meet such a 
challenge is by wrapping the main radiator in three 
dimensions. The main advantage of this technique is that it 
provides extra miniaturization on top of the folding and 
meandering of the radiating element which offer 
miniaturization in two dimensions. The benefits of this 
technique in relation to achieving compact antenna designs 
have been demonstrated in many recent works. For example, 
the wrapped monopole antenna proposed in [1] featuring a 
small volume of 12 x 15 x 7mm still is able to cover 
GSM/DCS operation. A similar slim design of a monopole 
antenna, being the result of wrapping, has been described in 
[2]. The presented antenna having the height of only 5mm 
delivers GSM, DCS and PCS operation. Another example of 
a wrapped monopole antenna has been shown in [3] to cover 
almost all popular frequency bands between 850MHz to 
6GHz at 6dB return loss (VSWR 3:1). With a parasitic tuning 
stub, the antenna only occupies a volume of 60 x 13 x 5.6mm. 
In [4] a wrapped PIFA of 44 x 15 x 8mm volume is capable 
of operating in popular frequency bands between 850MHz 
and 3GHz. The work presented in [5] shows that height of the 
wrapped PIFA can be  further reduced to only 4.8mm while 
the coverage of GSM/PCS/DCS/UMTS/WLAN bands can be 
well maintained. However these examples show that none of 
these wrapped multiband antennas has been able to achieve 
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the super-slim height of 3mm. This paper delivers the missing 
solution and presents a super slim design of wrapped 
inverted-F antenna for GSM/DCS/PCS operation. The 
proposed antenna occupies a volume of just only 40 x 10 x 
3mm.   
II. ANTENNA CONFIGURATION 
The configuration of the proposed antenna is shown in Fig. 
1. The antenna is 40 x 10 mm in area (in the xy-plane) and its 
height is 3 mm (along the z-axis). The supporting ground 
plane is assumed is 40 x 120 mm. The antenna uses no 
substrate and is formed by a copper foil. Its very low profile 
can be obtained using a fourth order folding/wrapping 
technique. 
 
 
 
Figure 1:  Configuration of the proposed antenna. 
 
As shown in Fig.1, it is fed at the middle part of the lowest 
folded arm with a 50-ohm U.FL mini coaxial cable that is 
commonly used in many portable devices. The lower end of 
the antenna main radiator arm is shorted to the ground as 
shown in the figure. Fig. 2 shows the folding transition of the 
proposed antenna to transform its main radiator into a smaller 
wrapped dimension. 
    
   
 
(a)                                          (b) 
 
Figure 2: Unwrapped (a) and wrapped antenna configuration (b). 
It starts with an inverted-F radiator that has a λ/4 projection 
length between its open to short end at 850MHz. The arm is 
folded and meandered as shown in Fig. 2(a). Finally the 
antenna is wrapped with fourth order folding technique, 
giving the final height of 3mm. The dimension of the 
radiating arm is further tuned to obtain optimal performance. 
III. SIMULATION RESULTS 
The proposed antenna is analyzed using CST Microwave 
Studio and results are shown in Fig. 3 and 4.  
 
 
Figure 3: Simulated return loss of the proposed wrapped antenna. 
 
       
 
(a) 
             
(b) 
 
Figure 4: Simulated 3D radiation pattern of the proposed antenna; 
Radiation pattern at 850 MHz (a) and 1900 MHz (b). 
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The simulated return loss presented in Fig. 3 shows two 
resonances, which occur in the lower and upper parts of the 
investigated frequency band. The simulated results presented 
in Fig. 4 show that the radiation patterns at the lower 
850MHz band and the higher 1900MHz band are omni-
directional in the x-z plane. However, the 1900MHz pattern 
becomes more directional in the elevation (y-z) plane.  
 
The simulated antenna gains at both the lower and upper 
frequency bands are shown in Fig. 5(a) and (b). For the lower 
frequency, the antenna gain is about 2.5 dBi while at the 
upper frequency, the antenna gain is about 4.6 dBi.  
 
 
(a) 
 
(b) 
 
Figure 5: Simulated antenna gain for the lower (a) and upper (b) 
resonances. 
 
IV. EXPERIMENTAL RESULTS 
The proposed antenna can be easily fabricated using a 
copper foil. To obtain an extra support, a foam that has 
dielectric constant  very close to 1 is used to hold the 
wrapping element of the antenna as shown in Fig. 6(a) and 
(b).  
 
 
 
(a) 
 
 
 
(b) 
 
Figure 6: The fabricated prototype of the antenna; side view (a) and 
close-up view (b). 
 
Fig. 7 shows the comparison between the measured and 
simulated return loss of the proposed antenna. Good 
agreement between the measured and simulated results is 
apparent.  
 
 
 
Figure 7: Comparison between measured and simulated return loss 
of the proposed antenna. 
 
The measured lower and upper resonant frequency bands of 
the proposed antenna for the 6-dB return loss (or VSWR 3:1) 
reference are 770 MHz to 970 MHz and 1710 MHz to 1990 
MHz respectively. They cover GSM 850/900/1800/1900 
MHz, DCS 1800 MHz and PCS 1900 MHz wireless services.  
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V. DISCUSSION 
It is noticeable from Fig. 7 that at 6dB return loss, the 
lower resonance starts at 770MHz, which is much lower than 
what is required for GSM 850MHz (824-894MHz). This 
extra bandwidth can be spared for some higher part of the 
new unlicensed LTE (Long Term Evolution) or 4G spectra 
which are proposed to occupy the bandwidth between 689 to 
806MHz. 
The deviation from the typical donut shape radiation 
pattern observed at the upper resonant frequency results in an 
increased antenna gain in this frequency band.  
VI. CONCLUSION 
In this paper, the design of a compact and very slim wrapped 
inverted-F antenna has been presented. The proposed 
antenna, featuring 3mm thickness with a projection area of 40 
x 10mm is very attractive for application in slim portable 
transceiver aimed for operation in GSM/PCS/DCS bands. 
The measured 6 dB return loss (VSWR 3:1) shows that the 
antenna has a 200MHz (770 to 970MHz) impedance 
bandwidth at its lower resonant frequency and approximately 
280MHz (1710 to 1990MHz) impedance bandwidth around 
its upper resonant frequency. The proposed antenna features 
nearly omni-directional radiation pattern at both frequency 
bands with a gain of about 2.5 dBi at the lower band and 4.6 
dBi at the upper band. Because of its slim appearance and 
very good quality electrical performance the proposed 
antenna should be found attractive by designers of modern 
portable transceivers. 
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